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PREPARATION OF CYCLIC a-HYDRAZINO ACIDS THROUGH ¿V- 
ACYLHYDRAZONIUM INTERMEDIATES
Floris P. J. T. Rutjes, Jan H. Udding, Henk Hiemstra,* and W. Nico Speckamp*
Department of Organic Chemistry, University of Amsterdam,
Nieuwe Achtergracht 129,1018 WS Amsterdam, The Netherlands
Abstract- An efficient synthesis of bicyclic hydrazine derivatives (5a) and (5b) 
through the intermediacy of exocyclic hydrazonium ions (4a) and (4b) is 
described.
Among the growing interest in the class of cyclic hydrazine compounds, special attention is paid to
I
hydrazines containing an a-carboxyl function, the so-called a-hydrazino acid derivatives. ^  As a result of 
their strong resemblance to the corresponding a-amino acids, they have a promising biological potential as 
inhibitors of these a-amino acids and can also be converted into a-amino acids by cleavage of the N-N 
bond. Recently, bicyclic hydrazino acids were synthesized via an intermolecular 1,3-dipolar cycloaddition 
reaction^ or via an intramolecular Wadsworth-Horner-Emmons condensation.^
In addition to these methods, a novel method for preparing not only bicyclic hydrazines (5a), but also for a-  
hydrazino acid derivatives (5b) is presented here. In conjunction with our earlier work on N,N'- 
diacylhydrazonium ions^ and endocyclic N-acylhydrazonium ions,** the synthesis of both classes of 
compounds via exocyclic ringclosure of N-acylhydrazonium ions (4a) and (4b) is described.
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The general route that was followed is outlined in Scheme 1. Alkylation of pyrazolidone ( l ) 6  with activated
alkenyl halides afforded the hydrazines (2) . 5  Cyclization precursors (3a) and (3b) were obtained by either 
deprotonation with NaH, followed by alkylation with chloromethyl methyl ether, or condensation with 
methyl glyoxylate7  and subsequent acetylation of the hydroxyl group with excess of acetic anhydride. 
Cyclization products (Sa) and (5b) were obtained upon use of TiCl4  (2 equiv, CH2 Cl2 , -78 -» 20 °C), 
BFyOEt2  (2  equiv., CH2 a 2 ’ 0  2 0  °C ’^ or HC00H (various temperatures).
o
As can be seen from the Table, the cyclizations occur in moderate to good yields." In the case of a prenyl 
substituent (entry 2a), treatment with formic acid gave the formate (7a) in high yield, whereas treatment
with TiCl  ^also gave some elimination product (9). In the presence of an a-methoxycarbonyl group (entry
\
2b), elimination product was not found, but beside the trans substituted hydrazines (7b) and (8 b) 
considerable amounts of lactone (10) were formed. The trans stereochemistry of 7b and 8 b was initially 
deduced from NOE difference H nmr data of 8b and confirmed later by an X-ray analysis of 8 b (the signal 
of the a-methine proton of 8b (d, 4.60 ppm) showed a small coupling constant ( /  = 5.2 Hz), comparable 
with 7b (d, J -  4.9 Hz, 4.61 ppm), whereas a large coupling constant was found for 10 (d, ƒ  = 9.1 Hz, 5.01 
ppm)).
The allylsilane substituted precursors (entries 3a and 3b) afforded the 5,6-bicyclic systems (11a) and 
(lib) containing an exocyclic methylene substituent. In contrast, less activated nucleophiles like allyl or 
methallyl functions gave only very small amounts of cyclized products (less than 1 0 %).
Activation of the hydroxyl function by converting it into an acetate was required to effect cyclization. Even 
in the case of the strongly nucleophilic propargylsilane (entry 4b) the hydroxy compound did not give allene 
(12b) upon treatment with acid. On the contrary, starting from compound (2) (R = Bn), the cyclization 
product (6 a) could also be obtained (in 6 6 % yield) in a one-pot reaction by treating 2 (R = Bn) with 
HCOOH in the presence of 1.5 equiv. of 1,3,5-trioxane.
NH PhCH0 A equiv')' Ry^t,,ÿN.ph 1) AllylMgCl (1.1 equiv,), R
NH pTSA(cat.), \ - " N- THF,0->20°C ' -NH 1)
toluene, reflux U 2)6MHC1
lR  = Me 16 R = H (83%) 18 R = H (82%)
IS R = H 17 R = Me (89%) 19 R = Me (45%)
Synthesis of 5,7-bicyclic systems (entries 5a and 5b) is also possible, although cyclization occurs in rather
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Table
entry
la
lb
2a
2 b
3a
3b
4a
4b
5a
5b
precursor (yield) acid
R = CH2OMc (69%)
R = CH(0 Ac)C02Mc (57%)
R * CH2OMe (29%)
orNh »
R
TMS
O
R = CH2OMe (42%)
R * CH(0 Ac)C02Me (55%)
R = CH2OMe (22%)
R = CH(0 Ac)C02Me (61%)
R = CH2OMe, R, =H (50%)
R = CH(0Ac)C02Me,
Rj = Me (31%)g
g
HCCX)Hb
T»C14
HCOOÍT
TiCI4
HCOOH0
TÍCI4
HCOOH11
Ticu
HCOOH*
BF3-OEt2
HCOOH* 
BF3 'OEt2
HCOOH*
BF3.OEt2
HCOOH6
BF3OEt2
HCOOrf1
HCOOH0
SnCU
cyclization product(s) (yield)
6a R « H (52%)
6a (98%)
6b R = COjMe (33%) 
6b (68%)
O R
7a R = H, X = OCHO, R! = Me (96%)
8a R = H. X = Cl, R] = Me (76%); 9 R = H, X = Me,
R[ = R[ = =CH2 (17%)
7b R = C 02Me, X = OCHO, Rj = Me (53%); 10f lactone (18%)
8b R = C 02Me, X = Cl, R. = Me (36%); 10f (20%)
R
11a R = H (91%)
11a (71%)
l ib  R = COjMe (21%) 
l ib  (69%)
O R
12a R s  H (94%)
12a (88%)
12bR =C 02M e (54%) 
12b (68%)
13a R « H, Rx = H, X «  OCHO (53%)
(4.6 :1  ratio of diastereom ers)
13b R = Q^Me* Rj = Me, X = OCHO (14%, one diastereoi
14b R -  C 02Me, Ri = Me, X = Cl (18%, one diastereomer)
a) Isolated yield after two steps, b) Reaction mixture was stirred for 17 h at 50 °C. c) Reaction mixture was stirred for 17 h at 
25 °C. d) Reaction mixture was stirred for 40 h at 25 °C. e) Reaction mixture was stirred for 5 h at 25 °C. f) 10 could not be 
separated from the other product by flash chromatography, g) Isolated yield after three steps.
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low yields. In these cases the precursors were obtained by condensation of pyrazolidones (1) and (15) 
with benzaldehyde (Eq. 1), yielding the stable ylides 16 and 179 that could be alkylated with 
allylmagnesium chloride to give 18 and 19. After functionalization at N-2, treatment with acid afforded only 
7~membered ring systems. Cyclization at the phenyl group was not observed.
As an application of this method, allene (12b) was converted (by using 1 equiv. of DBU) into the 
conjugated system (20) (Eq. 2), which strongly resembles some biologically active hydrazine systems.
DBU (1 equiv.) / /
----------- -----^  \  N
THF, -78 20 °C ft \
0  COgMS 
20 20%
In conclusion, the use of exocyclic hydrazonium ions (4a) and (4b) provides an efficient route for 
synthesizing various functionalized bicyclic hydrazines and a-hydrazino acids. At the moment, additional 
applications of these hydrazonium intermediates and their reaction products are actively explored.
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